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Abstract—Resistance exercise bands are a core component of
any physical activity strengthening program. Strength training can
mitigate the development of sarcopenia, the loss of muscle mass or
strength and function with aging. Yet, the adherence of such
behavioral exercise strategies in a home-based setting are fraught
with issues of monitoring and compliance. Our group developed a
Bluetooth-enabled resistance exercise band capable of transmitting
data to an open-source platform. In this work, we developed an
application to capture this information in real-time, and conducted
three usability studies in two mixed-aged groups of participants (n=6
each) and a group of older adults with obesity participating in a
weight-loss intervention (n=20). The system was favorable,
acceptable and provided iterative information that could assist in
future deployment on ubiquitous platforms. Our formative work
provides the foundation to deliver home-based monitoring
interventions in a high-risk, older adult population.
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I. INTRODUCTION

ARCOPENIA is the loss of muscle mass, strength and/or
function with aging [1] and is strongly associated with an
increased risk of disability, morbidity and mortality [2], [3].
Resistance exercises incorporating the use of free weights or
resistance exercise bands are proven modalities that alter the
trajectory of the loss of function accompanied by changes in
muscle physiology [4]. Typically, these weights or bands are
used in behavior-based programs [5], including those
conducted at senior or community centers. Older adults can
greatly benefit from their use and they have been shown to
increase their physical function and overall quality of life [6].
In-person exercise regimens enhance compliance through
engagement, monitoring, and feedback [7], [8]. As a lack of
transportation is a major barrier for older adults, in-person
session attendance is often difficult, particularly in rural,
remote areas [9]. This creates a major gap in a population that
is at high risk of disability. One potential solution is deploying
a device at home that can capture clinically relevant exercise
data.
In this work, we built an application that can acquire an
individual’s ability to perform such exercises on the preexisting Amulet platform [10] (see Background). Our team
previously created a connected, Bluetooth-enabled resistance
exercise band capable of relaying repetitions, measuring of
relative force, and frequency of use [11], [12]. This specific
contribution applies user-centered design principles [13] in
two groups of mixed-aged persons, and in a third cohort of
older adults with obesity participating in a weight-loss
intervention. The goal of this work was to develop a formative
application able to capture such data. This institutional review
board approved study allowed the use of mixed-methods [14]
(qualitative and quantitative), to evaluate this new application.
This application ultimately permits us to gain data related to
the type of band, the type of exercise performed, and the
degree of relative force generated. We then would be able to
use a cloud-based, machine-learning algorithm to analyze the
data that ultimately can convey this information to practicing
clinicians.
In the remaining paper, we describe a number of
components that are essential in gaining an understanding of
the formative nature of this work. We describe related work on
the Amulet platform and use of resistance bands. The work is
dependent on a systems engineering framework [15] of user-
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centered design that ultimately uses the end-user in the
development of the application and its functions. We
subsequently delineate the limitations and future work.
II. BACKGROUND
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We describe in this section the Amulet platform on which
the Connected Resistance Exercise Band application operates,
and how this platform allowed us to fulfill the goals of this
project. We discuss the use of resistance exercise bands, the
device we created to ascertain strength, and the need to
develop mHealth technologies for older adults and their design
challenges.
A. Amulet Wearable Device Platform
The Amulet is an open-source hardware and software
platform for writing energy- and memory-efficient sensory
applications [10]. It is a wrist worn device with built-in
sensors and peripherals that include on its main board: an
accelerometer, buttons, capacitive touch slider, haptic buzzer,
two LEDs embedded in the case, and a battery. The hardware
also contains two microcontrollers including an MSP430
running applications and an nRF51822 for communicating
with peripheral Bluetooth Low Energy (BLE) devices. A
secondary storage board consists of a micro-SD card reader
and a low-power display screen. This is an energy-efficient
platform that is useful in the development of mHealth
applications that can monitor physiological and behavioral
health of the wearer, lasting days to weeks prior to needing
recharging (Fig. 1).

relationship between elongation percentage ((final – initial
length) ÷ initial length) and force [16].
Resistance band usability has been established [17], [18]
and they are common elements in any physical activity
resistance program for older adults. Physical therapists use
these bands to enhance current exercise strategies. The four
most commonly performed exercises are bicep (elbow)
flexion, abduction (shoulder lift), elbow extension (seated
rows) and elbow kickback or tricep extension (see Fig. 5).
C. Older Adults and Technology
Older adults aged 65 and older are the fastest growing
group using information and communication technologies
[19]. This is in direct contrast to the belief that this group has
considerable difficulties and aversion to using such tools. As
this population has considerable number of medical comorbidities and health conditions, it is currently a target for
emerging mHealth applications for health monitoring [20].
Older adults, though, have a considerable number of sensory
and motor challenges (i.e., hearing or vision impairment,
sensory neuropathies or numbness, arthritis) that prevent the
typical usage of routine technologies [21], [22]. Hence, ease of
use is a significant factor in developing such technologies,
mandating the need for using the end-user as part of the
prototype development and design process [23].
D. Bluetooth-Enabled Resistance Band
This previously described device was a joint venture
between Dartmouth-Hitchcock and the Thayer School of
Engineering at Dartmouth College (Fig. 2) [12]. Briefly, we
used a commercially available Green TheraBand rated for 4.6
lbs of resistance at 100% elongation. This tubing was
connected to a Tekscan FlexiForce A201 sensor whose
detection ranges from 0-25 lbs. Force is applied between the
resistance tube’s end and the handle when the device is in use.
Relative force was collected at a rate of 10 readings per
second and can be sent to any BLE device. Data was ported
through a custom PCB to a RedBear BLE Nano device
powered by a Lithium-ion battery, then wirelessly visualized
in real-time through an application.

Fig. 1 (a) Fully assembled Amulet device; (b) internal Amulet
peripherals; (c) screen; (d) case

B. Resistance Exercise Bands & Exercise Types
A number of commercially available exercise bands are
available, both in tubing and in latex band forms. These are all
very affordable (i.e., 25 feet cost ~$20 USD) and easily
attached to handles. Such bands are available in different
colors which represent different levels of resistance (i.e.,
yellow, red, green, blue, black). A given patient may increase
the color of band throughout their exercise program
suggesting an improvement in strength. Resting length of the
band is usually defined as the length of the unstretched tubing.
Each of these tubings can extend up to 200% in length.
Previously published equations have demonstrated a
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Fig. 2 Bluetooth Resistance Exercise Band

E. Amulet-Related Applications
Our previous work has successfully allowed us to create
specific applications for the Amulet device. We developed
both ActivityAware and GeriActive meant to assess daily
activity levels. A Support Vector Machine activity-level
detection model was used to train the model using volunteer
subjects performing common physical activities (sit, standing,
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laying down, walking, running), and an accuracy of 94.3%
with a leave-one-subject-out cross-validation. The preliminary
feedback demonstrated the potential to be usable and useful,
with a battery life of over one week. This work suggests the
feasibility of being able to create an application, unique to
older adults using the Amulet platform.
III. RELATED WORK
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There have been very few BLE connected devices that send
data to the user. Also, we present data below on related
Amulet-related applications and usability assessments in older
adults from our group that support the development of this
work.
A. Current Resistance Band-Connected Devices
The ability to measure relative force for immediate
feedback is a novel contribution of this technology. These
designs are generally bulky, and are ergonomically
problematic. Two products have shown potential to transmit
fitness data to smartphone applications: LiftUp and Xiaomi
[24], [25]. To our knowledge, the only device that is available
commercially is the Rolyan Smart Handle (Performance
Health, Warrenville, IL) [26]. This version permits remote
feedback by displaying the peak relative force of a repetition
of a given exercise using a flat elastic TheraBand connected to
a bulky, rigid handle. Only the last set of numbers can be
transmitted to their custom, proprietary application. All data
ultimately must be manually offloaded before the device is
turned off. The Rolyan device is meant to be a multi-patient
mHealth device rather than a unique device per person.
B. Monitoring of Activity Using the BLE-Enabled Device
A feasibility evaluation using the BLE-enabled resistance
exercise band on six older adults permitted recruitment as part
of an existing weight-loss study [27]. The goal of this study
was to lose weight and improve muscle strength. Each subject
connected the device to an iOS Lightblue application after its
demonstration by an instructor, completing all four exercises
each. Data was evaluated using a peak detection algorithm that
determined the number of repetitions – defined as a peak of
the measured relative force exerted on the connected exercise
band (Fig. 3). This algorithm consisted of a local regression
(LOESS) smoothing with a second-degree polynomial term.
Noise was assessed as the ratio of the LOESS smoothed to
recorded value, and signal to noise ratio was subsequently
assessed. The mean number of repetitions were evaluated for
each exercise (mean 16.76±1.71), and the intraclass
correlation between blinded readers was 0.899 (95% CI:
0.824,0.947; p<0.001). Mean signal-to-noise ratio ranged
between 1.06±0.09 to 1.29±0.27. Mean differences between
the maximal and minimal peaks (and their corresponding
standard deviations for each of the four exercises were:
66.71±42.19, 34.00±30.74, 18±10.75, and 23.71±20.37. This
study demonstrated the feasibility of capturing such data using
BLE and the ability to algorithmically ascertain the number of
repetitions and duration of exercises. It also demonstrates that
the dynamics of each exercise may need to be accounted for in
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future testing and could be used in prediction modeling.
C. Desire of Older Adults and Technology
Our group has conducted a number of studies evaluating the
feasibility and usability of mHealth technologies in older adult
populations. We conducted qualitative interviews in a group of
29 patient participants aged 72.9±4.6 years using the Amulet
platform [28]. Questions focused on the importance of using a
broad range of applications and devices for healthy aging and
wellness. We identified the following features that are
important to this population: i) need to track, monitor and have
visual representation of data; ii) the importance of a usable
and esthetically pleasing interface that could be used with the
population’s sensory abnormalities; iii) the need to view data
off the device, on a specific dashboard on a phone, desktop, or
tablet; iv) relaying of information to the participant’s provider;
and v) the desire to track information other than steps or
physical activity. This study suggests that applications could
be developed using the Amulet platform that could address
these shortcomings.

Fig. 3 Example of Recorded Relative Force for Exercises performed
by the BLE-Enabled Device [27]

IV. STUDY GOALS
Based on the preliminary data, there was a need to develop
an application that captures such data on a longitudinal basis,
with minimal effort or input by the patient participant. Our
goal was to develop the TheraBand application using the
open-source Amulet platform. We used an adaptive systems
engineering framework [15] and user-centered design
principles [29] to guide the multi-stage, iterative design. This
transdisciplinary process includes user input throughout the
development. We conducted three separate evaluations using
distinct sets of participants with an intent of improving the
application, its esthetics, and its usability.
V. STUDY METHODS, APPLICATION DEVELOPMENT &
ASSESSMENT
A. Study Setting
We collected data from 32 volunteer subjects under a study
protocol approved by the Committee for the Protection of
Human Subjects at Dartmouth College, and the study protocol
was conducted at the Centers for Health and Aging, at
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Dartmouth-Hitchcock Medical Center. The center is located
on the New Hampshire/Vermont border in a geographically
isolated area, over two hours away from the closest urban
centers.
B. Patient Participants
Usability studies are generally recommended to have at
least five participants in each iteration so as robust conclusions
can be drawn and for key usability factors to be identified that
otherwise would prevent usage of an application in the future
[30]. The larger the number of users testing a given system,
the more likely the study will capture the ability to reach
construct saturation. With each set of individuals’ feedback,
we made additional modifications, developing a subsequent
version of the application.
All participants were volunteers recruited locally at the
local center or through clinician referral at the medical center.
Three groups of patient participants participated as part of this
design process: two groups (n=6 each) of mixed aged adults
(younger: <65 years; and older than age ≥65 years (n=6); and
a group of older adults (≥65 years) with obesity with a body
mass index ≥ 30kg/m2 (n=20). To enhance the generalizability
of the application’s usage, we had no specific restrictions on
our study population’s selection criteria other than age for a
specific cohort. We documented the person’s age, sex, race,
and Hispanic status.
C. TheraBand Application Goals and Development
The Amulet’s TheraBand application had a number of goals
to address: i) connect to the BLE resistance exercise band; ii)
record the relative force exerted while performing each of the
four sets of exercises; iii) logging of the data for analysis on a
micro-SD card located within the Amulet folder; and iv)
displaying summary information about the relative force on
the device’s display through the application. Once the
application was designed, the purpose was to assess its
usability.
We then programmed the application with QP Modeler
(QM), a software development environment used for the
application development on the Amulet platform. QM is a
freeware graphical modeling tool for implementing and
designing real-time embedded software in C or C++ based on
hierarchical state machines and event-driven QP real-time
frameworks.
D. Final Connected TheraBand Application
The Connected TheraBand application was designed to
contain various states corresponding to different functionality
(Fig. 4). The TheraBand application starts in the “off” state.
Pressing the lower left button on the Amulet initiates the
application, switching it to the “connection” state in which the
Amulet tries to connect with the TheraBand device using
BLE. Once the connection is established, the red LED light
turns on, at which time the application switches to the “view
exercises” state. In this state, the user can view the trends of
the maximum relative force exerted for each of the four
exercises. The user then presses the button to toggle to the
“choose exercise state” at the time they are ready to perform
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an exercise. In this state, the user then selects the exercise that
is about to be performed using the slider. The user then
presses the lower left button to switch to the “choose band
color” state, where they select the TheraBand’s color using the
slide. The user then presses the button to switch to the
“summary state” where a summary is displayed of the selected
exercise and band color. A user can then switch to the
previous study state, adjusting and altering it with the slider.

Fig. 4 (a) Snapshot of TheraBand application states: Off (a);
Connection (b); View of band color (c); Initiation of Exercise (d)

Fig. 4 (b) Snapshot of states of TheraBand application: a) specific
exercise type; b) choosing an exercise; c) connected; and d) specific
exercise type

E. User-Centered Design Procedures
After voluntary agreement to join the study, we provided all
individuals a research project information sheet. Each
participant was compensated $10 for their time at the
conclusion of the study. We provided all participants with an
Amulet with the TheraBand application which all wore on
their dominant hand. Participants were also video-recorded as
part of these activities – which was agreed to in advance.
The study personnel showed each participant the
TheraBand to provide them an opportunity to look at the
device, in addition to be able to try the device. No formal
evaluation was conducted at this time. We instructed all
participants that the purpose of the study was to evaluate and
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test our newly designed application. A brief description
regarding the overall intent of the study and its results was
provided to participants. We described what the process of the
study would entail including a description of the protocol that
follows. We conducted a “Think aloud” usability test, used in
previous research [31] that can facilitate the detection of
design issues. The overall duration of testing lasted between
20 and 30 minutes.
The study staff was trained by the lead author (J.A.B) on
how to conduct a usability assessment, importantly, noting the
importance of minimizing conversation by the staff allowing
the participant to express their thoughts. The TheraBand was
connected to the Amulet by the study personnel with the
patient present after which the navigation of the application
was demonstrated. During the recorded session, the participant
was asked to do the following tasks, as study personnel noted
their reactions, thoughts, and comments were recorded by the
study personnel: a) asked participants to look at the face
screen of the application; b) inform the participant how it is
shown that the TheraBand is connected; c) scrolling up/down
to view the exercise and the graph; d) pressing the buttons to
select a given exercise; e) move the slider to choose an
exercise and/or return back to the previous screen; f) comment
on the haptic vibration with each screen change; g) ability to
choose an exercise; h) opinion on the LED light; i) how to end
the exercise; j) how to disconnect the TheraBand. We also
asked them to retrace the steps following this Think Aloud
protocol and identified the steps and places where it was most
challenging for the patient. This “teach-back” method has
been used successfully in ascertaining understanding of
situations (i.e., informed consent [32]. Each individual was
asked to perform each of the exercises shown in Fig. 5, and
asked to use the TheraBand application accordingly.

System Usability Scale is a 10-item questionnaire asking
individuals to assess the system on a 5-point scale (strongly
agree, agree, neutral, disagree, strongly disagree). The scale is
an industry standard that is used on small sample sizes, with
scores ranging from 0-100 [33]. Items from the Post-study
System Usability Questionnaire [34] is a 19-item (range of 17) developed by IBM. This scale provides an overall
satisfaction, system usefulness, information quality and
inference score. There were nine items used in this evaluation.
Finally, we assessed whether the application: a) was easy to
navigate; b) was clear and consistently able to return to a
previous screen; c) was clearly labeled (i.e. text); d)
interface/screen appropriate; e) labeling and font size clear and
concise; f) text was easy to understand; and g) font size and
spacing easy to read.
At its conclusion, individuals engaged in an open-ended
interview, answering qualitative questions including: the
participant’s overall impression of the application; the overall
impression of the TheraBand; how easy the application was to
use; and to list the most positive and negative aspects of the
application. All interview sessions were video-recorded and
transcribed by study staff.
VI. DATA ANALYSIS
All data was aggregated and entered into a Microsoft Excel
spreadsheet, after which it was imported into STATA (version
14, College Station, TX). Descriptive statistics described the
study cohort using mean ± standard deviation, and counts
(percentages). Scales were aggregated and missing data was
imputed using the unconditional mean imputation method.
Qualitative comments were transcribed and grouped by
concepts in three major categories.
VII. CYCLE I – YOUNGER & OLDER ADULTS

Fig. 5 Representative exercises conducted to evaluate the TheraBand
application as part of the Usability Assessment: a) Bicep flexion; b)
abduction or shoulder lift; c) elbow extension or seated rows; and d)
elbow kickback or tricep extension)

F. Quantitative Surveys & Subjective Interview Questions
Each participant completed a set of numerical surveys
evaluating the usability of the TheraBand application. Single
item questions evaluated specific components of the
application on a Likert scale of 1 to 10. Participant confidence
in using the application, their overall satisfaction and the
perceived helpfulness in using this application with the BLEenabled TheraBand were asked on a scale of 1 to 10. The

International Scholarly and Scientific Research & Innovation 13(5) 2019

Our first cohort of six adults (age range 25-83, 80% female)
felt that the screen was appropriate in size, the font and its size
made it reasonable to read, and that pushing the button
allowed for participant input. A number of suggestions were
provided to improve the initial formative design. Participants
felt the need for a back button should an error be made,
specifically if an incorrect exercise was selected. The touch
slider on the device was difficult to maneuver and participants
preferred the use of a button than the slider. Some preliminary
changes in text (change BTN to Button) were made to increase
readability. Participants liked the graphical representation of
the data; yet they expressed preference having this graph
presented at the conclusion of the exercise. Their feelings
were that at the time of this evaluation, the graph presented
itself on the screen at the same time as the conduct of the
exercises. This mixed aged population was generally
encouraging in proceeding with the application development.
VIII. CYCLE II – YOUNGER & OLDER ADULTS
We made changes to the application to adapt for the
aforementioned concerns and conducted a usability
assessment on a mixed population of both younger and older
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adults (age range 24-71 years; 80% female).
General comments included that the system was very
simple to use and easy to learn. The fonts were appealing as
they were large. However, this cohort was much more critical
in their assessment. First, the participants wanted clarity on the
type of exercise. Second, the abbreviation of certain terms
were unclear (Exercise 1, 2, 3 or 4). Third, the top button on
the Amulet confused individuals as to its function.
A number of changes were made at this stage. The existing
numeric exercise labels were replaced with the names of the
exercise. To promote future sustainability and use of different
color bands, a separate screen including the option to select
the band color included. Vibrations were eliminated – patients
felt that this was distracting to the overall purpose of the
application’s function. Wording was changed from “Press
Button to Start” to “View Exercise.” Finally, the application
screens were altered to allow the connection of the TheraBand
throughout the duration of performing exercises. We found no
statistical differences in any of our usability parameters
between younger or older adults among Cycle I or Cycle II.
IX. CYCLE III – OLDER ADULTS WITH OBESITY
The final testing permitted some minor modifications to
optimize the application in this formative development. There
were 20 older adults (mean age 70.3±15.9 years, 75% female)
who assessed the application after all the changes applied in
the above iterations. The final changes performed included: a)
changing the position of the graph to not appear after the home
screen but to be shown at the conclusion of the exercises; b)
that the exercise list should come up after the home screen; c)
eliminate duplication of two similar screens; d) ensuring that
there are options at each step of the application to navigate
back to the main (home) screen; and e) permitting scrolling
either using the slider or the button to choose the specific
exercise. A number of useful qualitative comments were
provided by participants. We list some representative
comments in Table I.

X. RESULTS FROM THE THREE USABILITY CYCLES
Tables II and III represent the quantitative survey data from
all three usability cohorts, separately presenting both means ±
standard deviation for each of the questions. There were no
differences in tasks across each cohort among any of the
selected tasks listed in Table II (all p>0.05). All tasks had
favorable ‘ease,’ except for scrolling up/down to choose the
exercise, its selection, and wanting to start the exercise.
Table III outlines specific user opinions of the application’s
features. There were no differences in scoring across each of
the three usability cohorts (all p>0.05). Participants identified
navigating between screens (range 3.5-8.33) and the buttons
on the Amulet (5.67-7.0) as being somewhat problematic.
Confidence and satisfaction in using the system were high at
8.6±1.6 and 7.4±2.37, respectively, in the last cohort. The
older adult cohort (Cohort 3) felt that the application could be
helpful.
The distinct usability scales administered to the participants
demonstrated guarded scores. The System Usability scale
scoring was 64.6±20.3, 60.9±13.2, and 64.6±15.6, in the three
cohorts, respectively (p=0.88). The Post-Study System
Usability questionnaire demonstrated non-significant trends
(p=0.61) across the three usability studies around the median
mark (range: 2.56-2.78).
TABLE I
SELECTIVE QUALITATIVE COMMENTS FROM CYCLE 3 PARTICIPANTS
Domain

Representative Comments

Overall

I like being able to use metrics.
I am looking forward to using it.
I want this app – I think it would be fun to use and motivating.
Very updated – would be great to keep track of movement and
exercise.
The app was quite easy to use overall but would need to use it
a second time to master it better.
Real-time data would be difficult to see during exercise – ideal
to have a dashboard.
Need detailed instructions and time to absorb and learn.
With the exception of the slider, the app seems relatively easy
to use.

Positive
Feedback

Negative
Feedback

TABLE II
SELECTIVE USER TASKS OF THERABAND APPLICATION (SCORED 1 TO 10)
Cohort #1
Cohort #2
Cohort #3
Task
Mean ± SD Median (IQR)
Mean ± SD
Median (IQR)
Mean ± SD
Median (IQR)
Scrolling up/down to choose exercise 6.83 ± 2.79
8 [5-9]
7.33 ± 2.34
8 [5,9]
6.35 ± 2.7
6.5 [5,8]
Selection of exercise
6.5 ± 2.81
8 [4-8]
8.2 ± 1.83
8 [8,10]
7.6 ± 2.48
8 [6,9.5]
Connection screen
8.5 ± 1.87
9 [8-10]
9 ± 1.26
9 [5-10]
8.8 ± 1.61
9.5 [8,10]
Turning TheraBand ‘on’; button
9.17 ± 0.98
9.5 [8-10]
9.4 ± 0.81
9.5 [9.1-10]
9.0 ± 1.47
9.5 [8.5, 10]
Selection of wanting to start exercise
8 ± 2.28
10 [9,10]
9.66 ± 0.82
10 [10,10]
7.2 ± 2.54
8 [5,9]
Viewing of the graph
9.5 ± 0.84
10 [9-10]
6.67 ± 3.78
8 [3,10]]
8.2 ± 2.72
10 [6,10]
Vibration when changing
7.83 ± 3.54
9.5 [7-10]
7.2 ± 3.54
8.5 [5,10]
8.2 ± 2.73
10 [8,10]
Going back to main screen
8.17 ± 1.17
8 [7-9]
6.8 ± 3.19
7.5 [6,9]
8.4 ± 1.75
9 [8,10]
Light on when connected
8.5 ± 1.52
8.5 [8-10]
8.67 ± 1.97
9.5 [8,10]
9.0 ± 1.54
10 [8.9,10]
Back button
8 ± 1.67
8 [8-9]
5.83 ± 3.97
7 [1,9]
8.44 ± 1.33
9 [8,10]
Cohort 1 – Older adults; Cohort 2 – Younger Adult; Cohort 3 – Older adults with obesity. All items are evaluated on a 1 to 10 Likert scale, where 1 indicates
“very difficulty” and 10 indicates “very easy”. Median and interquartile range (IQR) are represented.
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TABLE III
REPRESENTATIVE USER OPINIONS OF THERABAND APPLICATION FEATURES
Cohort #1
Cohort #2
Cohort #3
Opinion on Specifics of Application
Mean ± SD Median (IQR)
Mean ± SD
Median (IQR)
Mean ± SD
Median (IQR)
Is the app easy to navigate?
7.83 ± 2.99
8.5 [8,10]
6.83 ± 3.66
8 [6,9]
7.3 ± 2.52
8 [6.5,9]
Is there a clear and consistent way to go back on every
8.33 ± 1.37
8 [7,10]
3.5 ± 4.42
1.5 [0,9]
6.15 ± 2.89
9 [7,9]
screen?
Are the labels and buttons text clear and concise?
6.33 ± 3.93
7.5 [2,10]
5.67 ± 3.61
4.5 [3,10]
7.0 ± 2.90
8 [5,9]
Is the number of buttons reasonable?
9.17± 0.98
9.5 [8,10]
6.67 ± 4.27
8.5 [3,10]
8.0 ± 2.0
8.5 [6.5,10]
Is the interface/screen appropriate?
8.67 ± 1.75
9.5 [7,10]
8.17 ± 4.02
10 [9,10]
7.3 ± 2.5
8 [6,9]
Is the text easy to understand?
8 ± 3.16
9.5 [7,10]
8.5 ± 2.81
10 [8,10]
7.3 ± 2.81
8 [5.5,9.5]
Is the font size and spacing lead to good readability?
9.17 ± 1.33
10 [8,10]
9.7 ± 0.82
10 [10,10]
7.1 ± 3.32
8 [5.5,10]
I am confident that I will be able to use this system.
9.16 ± 0.98
9.5 [8,10]
7.8 ± 2.43
8 [8,8.6]
8.6 ± 1.6
9 [8,10]
I am satisfied with how easy it is to use the system.
7.83 ± 1.47
7.5 [7,9]
6.49 ± 2.22
7.3 [7,7.3]
7.4 ± 2.37
8 [5,9]
I think this application will be helpful for me.
7.1 ± 2.21
7.8 [5,8]
6.32 ± 3.11
7.6 [7,7.63]
8.18 ± 2.44
9 [7.9,10]
Cohort 1 – mixed-aged cohort; Cohort 2 – mixed-aged cohort; Cohort 3 – older adults (age ≥ 65 years) with obesity. All items are evaluated on a 1 (strongly
disagree) to 10 (strongly agree) Likert scale. Median and interquartile range (IQR) are also represented.

XI. DISCUSSION
This usability study on the connected resistance band
application provides constructive information that could
permit further development and deployment in future
commercial systems for home-based use. Using the amulet
prototype device provides a foundation that will allows the
application to be transferred to more ubiquitous devices,
surmounting challenges of design observed in prototypes. The
content of the application was favorable and that the basic
functions were easy to use beyond the functions of the
scrolling, which we believe were highly dependent on
hardware features of the proposed amulet.
Our system has the capability of monitoring repetitions and
relative force in real-time, a feature that has not yet been
explored to our knowledge in other developments. The system
provides immediate feedback to the participant regarding
progress in exercise. The usability data suggests older adults
were able to navigate its usage, overcoming doubts of
technology literacy in older adults.
A major advantage of using the amulet platform is its ability
to create open-source applications, unlike other fitness devices
like other commercial devices. Hence, we are able to explore
patterns that otherwise would not be able to be captured using
proprietary devices. Additional features to prompt individuals
in future iterations of the application can be integrated to
promote compliance and encourage physical activity.
This study incorporates the end-user in its development.
While our earlier usability assessments had mixed-aged
cohorts, the latter cohort of older adults is more representative
of the target population we will use in our future studies.
Understanding the differences in the design and its appeal is
critical in the forthcoming stages of application development.
XII. LIMITATIONS OF THE CURRENT APPROACH
Our experimental approach has several limitations. The
conducting of usability studies in a laboratory-based
controlled environment may provide different data and results
than that observed in a free-living setting. We recognize that
we had different numbers of subjects in each of our usability
cohorts and the characteristics of each of these persons are
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likely different, yet this may enhance generalizability. We
based our recruitment strategies on convenience sampling in a
target population; hence, it is unclear whether our study
population is truly representative of the general older adult
population.
The current application operates only on the amulet
platform. This significantly limits generalizability and
scalability for future use. This current application needs
optimization to view and record data over longer periods of
time. A current data-pipeline does not exist connecting such
data to cloud-based servers that can potentially conduct
computational analysis that are resource intense. We anticipate
that these barriers are surmountable in future studies.
The current application is optimized for only four types of
bands and exercises. There are additional bands and exercises
available and are conducted; these should be considered in
future studies. The amulet display is in black and white and
not in color which limits the positive esthetics of the current
approach. As part of this pilot project, we aimed to limit our
scope and design to components that can readily be applied on
more ubiquitous platforms in the majority of the population.
XIII. FUTURE DIRECTIONS
This preliminary work provides considerable promise to
extend this line of research both in terms of advancing the
capabilities of the BLE-enabled TheraBand, but also in
enhancing the design of the application. To enhance
widespread generalizability, our next steps are to adapt this
application to function on ubiquitous platforms such as an iOS
or Android. The additional practical design issues that must be
addressed with the device may have potentially undermined
the favorability of the application. Future integration and
programming into a commercial platform will provide more
pragmatic and real-world feel of this application.
Our team’s ultimate goal is to develop a multi-component,
home-based exercise intervention in older adults using this
application. We strongly believe that such technologies could
successfully act as a behavioral adjunct to current health
promotion interventions in older adults. Once established, the
application could potentially lead to the development of a
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patient/clinician dashboard permitting the bi-directional
feedback. The application can be adapted for other strategies
designed to examine effectiveness and mechanisms most
critical to changing behavior at home. Long-term, this line of
research has the potential to improve the health of a rapidly
aging population at risk for sarcopenia [35]
While outside the scope of this current study, improving the
application of algorithms to identify, classify and report
specific data by accounting for the inter-person and interexercise variation will enhance the clinical impact this system
can have. Utilizing a cloud-based infrastructure will allow for
real-time assessment and feedback increasing the utility to
patients and clinicians. Our research fills a gap by developing
the first step in creating an application allowing clinicianpatient feedback of resistance exercise programs using a BLE
Resistance Band in patients at-risk for sarcopenia. This work
also provides foundational information on the features and
components most important in a home-based physical therapy
delivery system. The application and device may surmount
problems of delivering interventions in busy settings [36]
while supporting home monitoring by closing an incomplete
loop of data collection, feedback to the user and assessment to
the clinician.
XIV.

CONCLUSION

In this work, we present an application for capturing the
relative force, repetitions and duration of using a Bluetoothenabled resistance exercise band. This is, to our knowledge,
the first open-source application available for such use. After
applying a systems-engineering approach and by including
end-users in the application design, our results suggest that
there is promise in the formative design, storyboarding and
utility of this application for future use and testing. The
application contains the necessary core information that is
acceptable to patients for the conducting of future planning
and enhancements, with a goal of improving physical activity
of older adults.
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